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The B-chemokines RANTES, macrophage inflammatory protein
(MIP)-1a, and MIP-18 suppress infection by macrophage-tropic
strains of HIV and simian immunodeficiency virus (SIV) by binding
and down-regulating the viral coreceptor, CCR5. Accordingly, we
have examined whether higher levels of CCR5 ligands are associ-
ated with a more favorable clinical status in AIDS. A cross-sectional
study of 100 subjects enrolled in the Multicenter AIDS Cohort Study
at the Baltimore site was conducted to measure chemokine pro-
duction and lymphocyte proliferation by peripheral blood mono-
nuclear cells (PBMC). Statistical analyses of the data revealed that
the production of HIV-suppressive B-chemokines by HIV antigen-
stimulated PBMC was significantly higher in HIV-positive subjects
without AIDS compared with subjects with clinical AIDS. Increased
chemokine production was also correlated with higher prolifera-
tive responses to HIV antigens. Both parameters were significantly
lower in the AIDS versus non-AIDS group. Notably, significantly
higher levels of MIP-1a were also observed with unstimulated
PBMC from seronegative subjects at risk for HIV infection released
as compared with seropositive and non-Multicenter AIDS Cohort
Study seronegative subjects. The association of chemokine pro-
duction with antigen-induced proliferative responses, more favor-
able clinical status in HIV infection, as well as with an uninfected
status in subjects at risk for infection suggests a positive role for
these molecules in controlling the natural course of HIV infection.

lymphocyte proliferation

group of chemokines produced by activated primary T cells

potently suppress infection by HIV (1-5). These molecules
act through a common mechanism involving interactions with
chemokine receptors that also serve as coreceptors for HIV
entry (4-11). These interactions block and down-regulate core-
ceptors and, thereby, effectively inhibit the HIV life cycle at the
cell surface (12-14). The importance of coreceptor down-
regulation in natural HIV infection has been demonstrated
clearly by clinical studies of coreceptor gene alleles. In particular,
certain mutations in the CCRS5 gene confer resistance to primary
HIV infection and/or AIDS progression by reducing or elimi-
nating cell surface CCRS expression, respectively (15-24). Ex-
trapolating from these findings, it is reasonable to expect that
ligand-induced receptor down-regulation also may prevent or
slow HIV infection in vivo (25).

RANTES, macrophage inflammatory protein (MIP)-1e, and
MIP-1B are the natural ligands for CCRS and are major sup-
pressors of macrophage-tropic strains of HIV-1 (1, 6-10). Ac-
cordingly, there has been considerable interest in whether these
chemokines impact natural HIV infection as a result of their
ability to reduce cell surface CCRS expression. Several studies
have shown that activated peripheral blood mononuclear cells
(PBMC) from HIV-exposed but uninfected individuals (26-28)
and nonhuman primates protected from simian immunodefi-
ciency virus challenge by certain vaccines (29-32) produced high
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levels of RANTES, MIP-1q«, and MIP-18. Other studies show an
association between higher-production HI'V-suppressive chemo-
kines from activated PBMC and a more favorable clinical status
in HIV+ individuals (27, 33, 34). Taken together, these results
merely could reflect the more robust immune responses found
in clinically healthy subjects and implicate elevated chemokine
levels as surrogate markers for disease status. However, these
results might also reflect a functional role for lymphocyte
proliferation and elevated levels of RANTES, MIP-1«, and
MIP-1B in controlling the natural course of HIV infection.
Further study therefore is warranted to evaluate whether the
previously observed correlates between chemokine levels and
clinical status are reiterated or strengthened.

A key question concerns whether chemokines are released
during responses that occur at local sites of infection. Support for
this possibility was provided by studies showing that proliferative
responses against HI'V antigens involve the release of HIV-
suppressive chemokines (34, 35). However, relationships be-
tween chemokine release in HIV+ individuals and HI'V antigen-
specific responses have not been clearly defined. To address this
issue, we analyzed B-chemokine production in response to HIV
vs. non-HIV antigens in homosexual men who were enrolled in
the Baltimore center of the Multicenter AIDS Cohort Study
(MACS). Antigen-induced proliferative responses also were
measured to evaluate whether chemokine production and T cell
proliferation are related. We find that antigen-induced chemo-
kine production and anti-HIV proliferative responses are sig-
nificantly higher in PBMC from HIV-positive subjects without
AIDS compared with subjects with clinically defined AIDS. To
our surprise, unstimulated cells from HIV seronegative subjects
in the cohort released higher levels of HI V-suppressive chemo-
kines, compared with unstimulated cells from non-MACS con-
trols or HIV-positive subjects. These results further support the
possibility that antigen-induced production of certain chemo-
kines and lymphocyte proliferation play a role in controlling
natural HI'V infection.

Methods

Study Population. Subjects were selected from the Baltimore site
of the MACS, a longitudinal study of the natural history of
HIV-1 infection in homosexual men whose design has been
described previously (36). Briefly, 1,253 men were recruited in
1983-84 and in 1987-91 and have been followed at 6-month
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Table 1. Demographic parameters of the subject population

Range Range Range Median (=SD) Range
(population) Median (+SD) (seronegatives) Median (+SD) (non-AIDS) (non-AIDS) (AIDS) Median (+SD)
N = 100 (population) N = 23 (seronegatives) HIV+ N = 65 N =12 (AIDS)

Age 33-64.1 45.8 (6.4) 41.15-64.10 48.9 (5.7) 33-62.6 43.96 (6.2) 35.6-55.8 43.7 (7.2)
cD4 35-2059 629 (435.2) 872-2059 1085 (296.6) 38-1992 513 (356.9) 35-260 138.5 (75.4)

counts
Viral load 1.9-6.2 3.3(1.2) — — 2-5.99 2.9 (1.1) 1.93-6.2 4.3(1.3)

(log1o)

N = number of subjects.

intervals with clinical and laboratory testing as well as storage of
repository specimens. For the present study, blood was obtained
from 77 HIV-1 seropositive MACS participants, randomly se-
lected from those attending study visits 27 and 28 up to a total
of 3 per clinic night. Twenty-three HIV-1 seronegative MACS
participants were included as control subjects. Demographics of
these subjects are reported in Table 1. HI'V-positive subjects
were categorized in two groups, “AIDS” (12 subjects) and
“Non-AIDS” (65 subjects), according to the 1993 definition of
AIDS by the Centers for Disease Control and Prevention, except
that subjects with <200 CD4* lymphocytes per ul but no
AIDS-defining illnesses were classified as “non-AIDS.” Ten
seronegative subjects with no history of exposure to HIV
infection were recruited from the laboratory staff at the Institute
of Human Virology and included as controls in this study.

Laboratory Studies. The lymphocyte proliferation assay was mod-
ified from AIDS Clinical Trial Group protocol 209. At each time
point, fresh PBMC, obtained by centrifugation of whole blood
from HIV-1 seropositive and seronegative subjects in CPT tubes
(Becton Dickinson), were cultured in round-bottomed, 96-well
plates (Falcon) in RPMI 1640 medium (GIBCO) with 10%
human AB serum and antibiotics (100 units/ml penicillin, 100
mg/ml streptomycin) (GIBCO) at a concentration of 2 X 10°
cells per well. Cells were incubated with media alone or with 10
wng/ml gp120-depleted, inactivated HIV-1, 10 ug/ml purified
p24 antigen (Immune Response Corporation), 10 ug/ml Can-
dida albicans (Greer Laboratories), or 20 pug/ml phytohemag-
glutinin (PHA) (Sigma). The HIV-1 antigen preparation con-
sisted of density gradient-purified, inactivated, gp120-depleted
HZ321 virus. All lymphocyte proliferation assays were done in
triplicate. After 3 days (for PHA-stimulated cells) or 6 days (for
antigen-stimulated cells) of incubation at 37°C, the cells were
labeled with 1 pCi of *[H]thymidine in complete RPMI. Cells
were harvested and incorporated label was determined by
scintillation counting. Geometric mean cpm were calculated
from the triplicate wells with and without antigen. Results were
expressed as a “lymphocyte stimulation index” (LSI), which is
the geometric mean cpm of the cells plus antigen divided by the
geometric mean cpm of the cells without antigen (medium
alone). Supernatants were collected on day 6 and frozen at
—70°C for RANTES, MIP-1«, and MIP-183 measurements. All
B-chemokine assays were performed by commercial ELISA
from R & D Systems. CD4* and CD8* lymphocyte counts were
determined as described (37), and plasma HIV RNA concen-
trations were measured by the AMPLICOR HIV-1 Monitor
Test (Roche Diagnostics) according to the manufacturer’s in-
structions.

Antigens. HIV-1 HZ321 immunogen was obtained by concen-
tration and purification from the supernatant fluid of HZ321-
infected HUT-78 cells. In the preparation of the immunogen,
envelope gp120 was depleted during freezing and thawing and
later, during the purification process (38).
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Native p24 was preferentially lysed from purified inactivated
HIV-1 (HZ321) with 2% Triton X-100 and then purified by using
Pharmacia Sepharose Fast Flow S resin. Chromatography was
carried out at pH 5.0, and p24 was eluted by using a linear salt
gradient. Purity of the final product was estimated by both
SDS/PAGE and reverse-phase HPLC to be >99% (38).

Data Analysis. Data were abstracted from clinical records, main-
tained in an Excel database, and imported into SPSS 7.5 for
statistical analysis. Frequency distributions and Kurtosis plots
were examined to determine the modality of each of the
chemokine production distributions, for subsequent stratifica-
tion, and were found to be nonnormal. Group differences in
chemokine production were assessed by using the Mann—
Whitney (nonparametric) test (in the case of spontaneous pro-
duction of chemokines) or the unpaired Student’s ¢ test (para-
metric; used for antigen-activated chemokine production). RNA
copies/ml values were log-transformed to base 10 before being
analyzed. Correlations between chemokine production and
CD4" or CD8* T cell counts were analyzed with Pearson’s
correlation, which assumes that the two variables are measured
on at least interval scales and determines the extent to which
values of the two variables are related to each other (see Table
2 legend). Chemokine production data, CD4" and CD8" T cell
count distributions, and log;o viral load distributions were ex-
amined for modality in the entire cohort and in each of the
following groupings: AIDS/No AIDS/CD4* T cell count
<200/CD4*, T cell count >200, and AIDS/No AIDS/Sero-
negative. To determine the association of chemokine production
and clinical status, distributions were examined before dichot-
omizing the values into high vs. low production grouping before
x> analysis by disease status. The distributions were found to be
positively skewed toward the lower values.

Results

Antigen-Induced Proliferation. As shown in Fig. 1, cells obtained
from seropositive subjects who did not have AIDS were signif-
icantly more responsive to stimulation with select antigens as
compared with subjects with AIDS. The envelope-depleted HIV
antigen induced the highest lymphocyte proliferative responses
in subjects belonging to the “non-AIDS” group (P = 0. 004)
(mean LSI * SE = 12.22 *+ 3.57). In comparison, such responses
among subjects from the AIDS group were nearly identical to
those observed with seronegative subjects (mean LSI *+ SE =
1.33 = 0.27). This result is close to the average index for
seronegatives (mean LSI = SE = 1.35 = 0.16). Similarly,
significant differences in proliferative responses were observed
by using p24, the core antigen of HIV-1 (P = 0.001), and
Candida antigen (P = 0.001) (Fig. 1) between patients with
AIDS and asymptomatic subjects. Proliferation upon PHA
stimulation was not significantly different between the disease
groups (not shown). PBMC from seronegative subjects did not
proliferate significantly in response to HI'V antigens.
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Table 2. Pearson'’s correlation between antigen-induced chemokine production and CD4* T cell counts

MIP-1« MIP-18  RANTES MIP-1« MIP-18 RANTES MIP-1« MIP-18  RANTES MIP-1« MIP-18  RANTES
PHA PHA PHA Candida Candida Candida p24 p24 p24 HIV HIV HIV
Pearson’s 124 125 .062 .259 .260 .159 224 224 .128 .154 .248 .078
correlation,
CD4 counts
(n
Significance, .252 .253 .570 .016 .016 141 .037 .037 .238 .154 .021 473
two-tailed
(P)
N 87 86 87 87 86 87 87 87 87 87 87 87

Pearson'’s correlation analyses were used to establish the correlation between CD4* T cell counts and chemokine production. The analyses assume that the
two variables are measured on at least interval scales and determine the extent to which values of the two variables are related to each other. The value of
correlation (i.e., correlation coefficient, or r) indicates the extent to which values of the two variables are proportional (i.e., linearly related) to each other,
independently of the specific measurement units used. An r value of 1 indicates that the two variables are perfectly linearly related. For biological data, values
below 0.4 are arbitrarily considered “weak.” N = number of subjects. Columns in bold face type are statistically significant (i.e., P = 0.05).

Correlation of CD4*+ and CD8* T Cell Counts and Antigen-Induced
Chemokine Production and T Cell Proliferation. Pearson’s correla-
tion was used to establish whether a correlation existed between
CD4" and CD8" T cell counts and lymphocyte proliferation
indices or chemokine production. Some of the chemokines levels
were significantly correlated with CD4 counts (Table 2), whereas
none of the chemokine levels or lymphocyte proliferation values
were significantly correlated with CD8 counts (not shown).
Significant but weak correlations were found between CD4* T
cell counts and the levels of production of MIP-1a (r = 0.259,
P = 0.016) and MIP-1B (r = 0.260, P = 0.016) in response to C.
albicans and with the levels of MIP-1« (r = 0.224, P = 0.037) and
MIP-18 (r = 0.224, P = 0.037) produced in response to p24
simulation. MIP-18 production induced by HIV-1 also signifi-
cantly correlated with CD4* T cell counts (r = 0.248, P = 0.021).
RANTES production was not associated with CD4* T cell
counts after any stimulus. No significant correlation was found
between CD4* T cell counts and antigen-induced lymphocyte
proliferation (not shown).
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Fig. 1. Antigen-induced proliferation indices and disease status. Cells (2 x
10°) per well of fresh PBMC were cultured in round-bottomed, 96-well plates,
as described in Methods, in medium alone or with 10 ug/ml gp120-depleted,
inactivated HIV-1 (HIV), 10 ug/ml purified p24 antigen (p24), 10 ng/ml C.
albicans (candida), or 20 ug/ml PHA (not shown). After 3 days (for PHA) or 6
days of incubation at 37°C, the cells were labeled with 1 p.Ci of 3[H]thymidine
and harvested, and incorporated label was determined by scintillation count-
ing. Geometric mean cpm were calculated from the triplicate wells with and
without antigen. Results were calculated as an LSI, which is the geometric
mean cpm of the cells plus antigen divided by the geometric mean cpm of the
cells without antigen (medium alone). (Bars = SEM.)
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Antigen-Induced Chemokine Production. Similar to the results of
lymphocyte antigen-induced proliferation, the production of
select chemokines upon antigen stimulation was significantly
different in subjects diagnosed with AIDS when compared with
subjects without AIDS or non-AIDS (Fig. 2). Cells obtained
from subjects belonging to the non-AIDS group produced
significantly higher levels of MIP-1a (not shown) and MIP-1p,
but not RANTES, upon antigen stimulation, as compared with
cells obtained from subjects with AIDS. As illustrated in Fig. 2,
HIV-1 antigen-stimulated production of MIP-13 was increased
significantly (P = 0.004; mean = SE = 857 = 27 pg/ml) in
non-AIDS subjects compared with AIDS subjects (mean =
SE = 53 = 20 pg/ml) (Fig. 2). Similarly, MIP-1a production
upon HIV antigen stimulation was significantly higher (P =
0.038) in asymptomatic subjects (mean = SE = 1,131 * 520
pg/ml) compared with subjects with AIDS (mean = SE = 26 *
8 pg/ml). Similar trends were observed by using p24 and C.
albicans antigens (Fig. 2). Interestingly, significant differences in
chemokine production were not observed between the two
disease status groups when PHA was used as the stimulus (not
shown). The difference in RANTES production from HIV-
stimulated (envelope-depleted) cells obtained from patients
belonging to the two disease status groups became more signif-
icant when corrected for CD8" T cell counts (P = 0.037).
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Fig. 2. Antigen-induced chemokine production and disease status. Fresh

PBMC (1.6 X 108) were cultured as described in Methods in medium alone or
with 10 ug/ml gp120-depleted, inactivated HIV-1 (HIV), 10 ung/ml purified
p24 antigen (p24), 10 ug/ml C. albicans (candida), or 20 ng/ml PHA (not
shown). After 3 days (for PHA) or 6 days of incubation at 37°C, supernatants
were collected and assayed for RANTES, MIP-1q«, and MIP-18 by ELISA. (Bars =
SEM.)
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Table 3. x2 analysis of chemokine production upon antigen stimulation

Above or N N X2 Odds
Chemokine production below median No AIDS AIDS Total (P) ratio
MIP-138 Below 30 8 38 2.66 3.12
PHA-stimulated Above 35 3 38 (0.191)
MIP-18 Below 29 9 38 5.41 6.16
Candida antigen-stimulated Above 37 2 39 (0.025)*
MIP-18 Below 33 10 43 4.56 5.5
p24 antigen-stimulated Above 33 2 35 (0.056)
MIP-13 Below 31 10 43 5.38 5.6
HIV antigen-stimulated Above 35 2 35 (0.027)*

N = number of subjects; *P = 0.05.

A correlation existed between antigen-induced MIP-1a and
MIP-1B, but not RANTES, levels and proliferation. In the case
of HIV (envelope-stripped) antigen-stimulated cells, MIP-1p3
production correlated with the proliferation index (r = 0.475,
P < 0.001 by Pearson correlation).

Comparison between above and below median MIP-183 pro-
duction by those with AIDS and non-AIDS is presented in Table
3 (median chemokine production in response to HIV, 100
pg/ml; p24, 120 pg/ml; C. albicans, 430 pg/ml; PHA, 55,900
pg/ml). Unlike what was observed in non-AIDS cases, almost all
of the subjects who had AIDS produced levels of chemokines
that were below the median level upon antigen stimulation
(Table 3). Analyses of the odds ratio indicated that the below
median chemokine production in response to stimulation with C.
albicans, HIV p24, and envelope-depleted HIV was 6.16, 5.5,
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Fig. 3. Spontaneous MIP-1a production. Fresh PBMC (1.6 X 106) were
cultured as described in Methods in medium alone. After 3 days of incubation
at 37°C, supernatants were collected and assayed for MIP-1a by ELISA. On the
abscissa, population groups include: Controls, healthy laboratory control;
seronegative, MACS non-HIV-1-infected; HIV+ No AIDS, MACS HIV-1-
infected, AIDS not diagnosed; HIV+ AIDS, MACS HIV-1-infected with AIDS.
The ordinate shows natural logarithm of chemokine production. The differ-
ence in MIP-1a production between the non-MACS and the MACS seronega-
tives is statistically significant. When compared with MACS seronegatives,
seropositive subjects without AIDS were found to produce significantly lower
levels of MIP-1a. Subjects with AIDS were found to spontaneously release
significantly lower levels of chemokines when compared with both MACS and
non-MACS seronegatives. Box plots are interpreted as follows: the waist is the
median, diagonal lines indicate 95% confidence intervals about the median,
lower and upper horizontal lines indicate 25th and 75th percentiles of the
distribution, and upper and lower bars indicate the range of the distribution
excluding outliers. One subject of the seronegative group, producing out-
standing levels of MIP-1a, was not used to compose this figure.
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and 5.6 times more likely to occur in the AIDS group. Similar
outcomes were observed with MIP-1« levels, but not RANTES.
Again, PHA-stimulated chemokine levels were not significantly
different between the two disease status groups. In addition,
similar trends were observed when y? analyses were performed
on groups stratified according to chemokine production quar-
tiles (not shown).

Spontaneous Production of Chemokines. Twenty-three of the study
subjects studied were seronegative. When compared with non-
MACS controls and with seropositive subjects without AIDS,
unstimulated cells from seronegative subjects from the MACS
cohort produced high levels of chemokines. We defined this
production as “spontaneous.” In the case of MIP-1« (Fig. 3), the
difference between the non-MACS and the MACS seronega-
tives was statistically significant. The average spontaneous pro-
duction of MIP-1« in non-MACS control was 312 *+ 560 pg/ml,
compared with 4,666 * 1,735 in MACS seronegative subjects
(P = 0.009). Spontaneous levels of MIP-18 production did not
differ significantly among these two groups. When compared
with MACS seronegatives, seropositive subjects without AIDS
were found to produce significantly lower levels of MIP-1«
(977 = 323 pg/ml compared with 4,666 = 1,735 pg/ml; P =
0.001), MIP-1 (681 = 178 pg/ml in asymptomatic seropositives,
compared with 2,423 * 1,025 pg/ml in MACS seronegatives;
P = 0.022), but not RANTES. Subjects with AIDS were found
to spontaneously release significantly lower levels of chemokines
when compared with both MACS [MIP-1a, 90 = 40 vs. 4,666 *
1,735 pg/ml (P = 0.001); MIP-1pB, 123 + 45 vs. 2,423 + 1,025
pg/ml (P < 0.001)] and non-MACS seronegatives [MIP-1p,
123 + 45 vs. 956 = 938 pg/ml (P = 0.011); RANTES, 1,810 +
658 vs. 5,305 * 4,876 pg/ml (P = 0.030)].

Discussion

The discovery that chemokines block HIV infection in vitro (1-5)
prompted us and others to ask the question of whether these
proteins may have similar effects in vivo (1, 25-28, 33, 34).
HIV-inhibitory chemokines, blocking and/or down-regulating
CCR-5 in vivo, might be correlates of better disease outcome and
protection from HIV infection, similar to CCRS5 genetic defects
(15-24). Because chemokines are involved in the regulation of
immune response, we studied chemokine production in the
context of antigen stimulation. To investigate whether antigen
stimulation influences chemokine production because of the
expansion of antigen-specific subset, or independently of it, we
also measured proliferation indices, a parameter known to
correlate with long-term nonprogression and better prognosis
(34, 39). Our results show that antigen-induced chemokine
production is decreased significantly in HI'V-positive subjects
with AIDS as compared with asymptomatic HI'V-positive sub-
jects. The magnitude of this effect is not yet known but is
sufficient to be detected in a cross-sectional analysis. Of impor-
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tance is the result that antigen stimulation was more informative
in this respect than PHA stimulation. This might indicate that the
response to a “maximal” and nonspecific stimulus, like PHA, is
not as significantly impaired in subjects with AIDS, whereas the
loss of response to antigen stimulation occurs earlier on in the
course of AIDS. This is consistent with the finding that, as AIDS
progresses, a loss of T helper response to antigen stimulation is
observed (40-42) and that, chronologically, loss of response to
PHA is the last to occur, being associated with a severe immune
dysfunction involving both CD4" and CD8" T cells (42). The
lack of significance in differences in levels of chemokine pro-
duction upon PHA stimulation might help to explain why studies
by Clerici et al. (43) and Mackewicz et al. (44) failed to show a
beneficial effect of chemokines in AIDS, because their studies
used PHA as a stimulus.

Interestingly, we observed a parallel decrease in antigen-
induced MIP-1«a and MIP-18 from PBMC, whereas the produc-
tion of RANTES did not seem to differ significantly between
subjects with and without AIDS; however, this could be due to
partial platelet contamination. Activated platelets produce high
quantities of chemokines, especially RANTES (45-49). Other
studies performed by analyzing plasma/serum levels of 3-che-
mokines that did not show a positive effect of chemokines in
HIV infection (50-56) probably were affected by this unspecific
release. Similar to the results of Ullum ez al. (33), we have found
a more significant role of MIP-la and MIP-183 in disease
progression; this is biologically important because MIP-18 is a
specific ligand for CCR-5, and CCR-5 mutations have been
associated with protection from HIV-infection (in the homozy-
gous state) and slower progression to AIDS (in the heterozygous
state). In contrast, RANTES and MIP-1« also bind to other
receptors (57). Because MIP-1B does not bind to any other
known chemokine receptor besides CCR-5, it might have a more
important role in this respect, specifically inducing CCR-5
blockage and/or down-regulation.

Interestingly, we found that in some cases chemokine levels
correlated with CD4, but not CDS8 counts. This may be because
of greater contribution of chemokines by CD4* T cells in the
tests employed here. The correlation with CD4 T cell counts is
particularly surprising in light of reports documenting high
chemokine release by CD8" T cells (58, 59). It is possible that
the stimuli used in our study were less capable of inducing CDS§
activation and/or that CD8 activation depended on prior acti-
vation of CD4™" (see below).

Lymphocyte proliferation, measured as stimulation indices,
also was decreased in subjects with AIDS, and the differences
were significant when cells were antigen-stimulated as opposed
to PHA-stimulated. Notably, T cell proliferation is considered to
be driven predominantly by CD4+ T cells. However, recent
observations suggest that after immunization with the HIV
envelope-depleted antigen that we used here, the phenotype of
cells proliferating in response to the HIV antigens include not
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